Introduction
============

Herbs have been used for thousands of years in traditional Oriental medicine ([@b1-etm-0-0-4010],[@b2-etm-0-0-4010]). Cimicifugae Rhizoma has been used for \>2,000 years as a typical Chinese herbal medicine ([@b3-etm-0-0-4010]). Cimicifugae Rhizoma is primarily derived from *Cimicifuga heracleifolia* Komarov or *Cimicifuga foetida* Linnaeus ([@b4-etm-0-0-4010]). It is reported to have various effects, including anti-inflammatory, antioxidant, anticomplement and anticancer activities ([@b3-etm-0-0-4010],[@b5-etm-0-0-4010]--[@b8-etm-0-0-4010]). Cimicifugae Rhizoma has been shown to be an effective antioxidant that protects DNA and lipids against oxidative stress ([@b3-etm-0-0-4010]). It has also been suggested to be a useful therapeutic agent for treating hyperpigmentation and as an active component in whitening and/or lightening cosmetics ([@b9-etm-0-0-4010]).

We have previously isolated and characterized human mesenchymal stem cells (MSCs) from the gingiva ([@b10-etm-0-0-4010]). These gingiva-derived stem cells have been used for tissue-engineering purposes, including new bone formation ([@b11-etm-0-0-4010],[@b12-etm-0-0-4010]). A previous study demonstrated that Cimicifugae Rhizoma reduced the viability of stem cells derived from the gingiva and indicated that the direct application of Cimicifugae Rhizoma onto oral tissues could potentially induce adverse effects at high doses ([@b13-etm-0-0-4010]).

The aim of the present study was to evaluate the effects of Cimicifugae Rhizoma extracts on the osteogenic and adipogenic differentiation of human stem cells derived from gingiva. To the best of our knowledge, this investigation is the first to elucidate the effect of Cimicifugae Rhizoma on the osteogenic differentiation of stem cells derived from gingiva.

Materials and methods
=====================

### Materials

Minimum essential medium α (α-MEM), fetal bovine serum (FBS) and trypsin/EDTA solution were purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Unless otherwise stated, all other chemicals and reagents were obtained from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany).

### Preparation of Cimicifugae Rhizoma extract

Dry roots of *Cimicifuga heracleifolia* Komarov (500 g) were obtained from Chungju Hospital of Korean Medicine, College of Korean Medicine, Semyung University (Chungju, Korea) were immersed in distilled water and boiled under reflux for 150 min, and the resulting extract was centrifuged at 5,000 × g for 10 min at room temperature. The supernatant was concentrated to a volume of 300 ml using a rotary evaporator under reduced pressure (Eyela NE-1001; Tokya Rikakikai Co., Ltd., Tokyo, Japan). The concentrates were then freeze-dried in a lyophilizer (Labconco, Kansas, MO, USA) to obtain 92.8 g solid residue, corresponding to a yield of 18.6% (w/w).

### Isolation and culture of stem cells derived from gingiva

Healthy gingival tissues were obtained from healthy patients undergoing crown-lengthening procedures. This study was reviewed and approved by the Institutional Review Board of Seoul St. Mary\'s Hospital, College of Medicine, The Catholic University of Korea, (Seoul, Republic of Korea; KC11SISI0348), and informed consent was obtained from all patients.

The tissues were immediately placed into sterile phosphate-buffered saline (PBS; Welgene, Daegu, South Korea) with 100 U/ml penicillin and 100 µg/ml streptomycin at 4°C. The gingival tissue was de-epithelialized, minced, digested with collagenase IV and incubated at 37°C in a humidified incubator with 5% CO~2~ and 95% O~2~. The non-adherent cells were washed with PBS after 24 h, supplied with α-MEM (Gibco) containing 15% FBS (Gibco), 100 U/ml penicillin and 100 µg/ml streptomycin (both Sigma-Aldrich), 200 mM L-glutamine (Sigma-Aldrich) and 10 mM ascorbic acid 2-phosphate (Sigma-Aldrich), and fed every 2--3 days.

### Analysis of cell proliferation

The stem cells were plated at a density of 1.0×10^4^ cells/well. The cells were incubated in α-MEM, which included 15% FBS, 100 U/ml penicillin, 100 µg/ml streptomycin and 1 mM ascorbic acid 2-phosphate, in the presence of Cimicifugae Rhizoma at final concentrations ranging from 0.1 to 10 µg/ml, specifically: 0 (untreated control), 0.1, 1 and 10 µg/ml.

Cell proliferation analyses were performed at day 15. A solution of WST-8 \[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt\] from Cell Counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Tokyo, Japan) was added to the cultures, and the spheres were incubated for 30 min at 37°C. The CCK-8 assay identifies viable cells via the formation of a formazan dye from WST-8 by the oxidative action of mitochondrial dehydrogenases in living cells. The spectrophotometric absorbance of the samples at 450 nm was measured using a microplate reader (BioTek Instruments, Inc., Winooski, VT, USA).

### Osteogenic differentiation

The stem cells were plated at a density of 1.6×10^4^ cells/chamber in an 8-chamber slide and then incubated in α-MEM, containing 15% FBS, 100 U/ml penicillin, 100 µg/ml streptomycin, 10 mM β-glycerophosphate, 1 mM ascorbic acid 2-phosphate and 100 µM dexamethasone in the presence of Cimicifugae Rhizoma at final concentrations of 0.1, 1 and 10 µg/ml, respectively. The medium was replaced with fresh induction medium every 3 days. At day 21, the cells were fixed with 4% paraformaldehyde by incubation for 30 min at room temperature and the cells were washed with sterile PBS three times. The cells were then treated with 1% Triton X-100 for 5 min, and washed with PBS three times. Blocking was conducted with 1% bovine serum albumin (Sigma-Aldrich) in PBS for 30 min at 4°C in the dark. The cells were incubated with a primary antibody against osteocalcin (sc-30044; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 1:100 dilution for 1 h at 4°C in the dark. The cells were washed with sterile PBS three times and then incubated with secondary antibodies (sc-53805; Santa Cruz Biotechnology, Inc.) at 1:200 dilution for 1 h at 4°C in the dark. Coverslips were mounted with mounting media (Vector Laboratories, Inc., Burlingame, CA, USA) containing 4′,6-diamidine-2′-phenylindole dihydrochloride (DAPI). The cells were observed under a fluorescence microscope (Axiovert 200; Zeiss GmbH, Jena, Germany). Relative osteogenesis was determined with the aid of image analysis software (ImageJ; National Institutes of Health, Bethesda, MD, USA).

### Adipogenic differentiation

The stem cells were plated at a density of 1.6×10^4^ cells/chamber in an 8-chamber slide and then incubated with adipogenic induction medium (StemPro^®^ Adipogenesis Differentiation kit; Gibco) in the presence of the Cimicifugae Rhizoma at final concentrations of 0.1, 1 and 10 µg/ml, respectively. The medium was replaced with fresh induction medium every 3--4 days. At day 14, the cells were fixed with 4% paraformaldehyde by incubation for 30 min at room temperature, and permeabilized in 1% Triton X-100 with PBS for 5 min. Blocking was conducted with 1% bovine serum albumin (Sigma-Aldrich) in PBS at 4°C for 30 min. The cells were incubated with primary antibody against adipocyte fatty acid-binding protein (sc-271529; Santa Cruz Biotechnology, Inc.) for 1 h at 4°C and then incubated with secondary antibodies \[goat anti-mouse IgG1 heavy chain (fluorescein isothiocyanate) ab97239; Abcam, Cambridge, UK)\] at 1:200 dilution for 1 h in the dark. The cells were mounted with mounting medium and DAPI. The cells were observed under a fluorescence microscope. Relative adipogenesis was determined with the aid of ImageJ analysis software.

### Statistical analysis

Results are presented as the means ± standard deviations. One-way analysis of variance with Tukey\'s post hoc test were performed to determine the differences between the groups using commercially available software (SPSS 12 for Windows; SPSS Inc., Chicago, IL, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Cell proliferation

The cell proliferation results at day 15 are shown in [Fig. 1](#f1-etm-0-0-4010){ref-type="fig"}. The relative values for the cells treated with 0.1, 1 and 10 µg/ml Cimicifugae Rhizoma were 112.5±6.3, 111.3±5.7 and 105.8±10.0%, respectively, when the CCK-8 result of the untreated control group on day 21 was considered to be 100% (100.0±5.3%). The relative value in the CCK-8 assay of 0.1 µg/ml Cimicifugae Rhizoma was significantly different when compared with the control (P\<0.05).

### Osteogenic differentiation

Images showing the immunofluorescence staining of osteocalcin in cells treated with Cimicifugae Rhizoma at final concentrations of 0, 0.1, 1 and 10 µg/ml for 21 days are shown in [Fig. 2](#f2-etm-0-0-4010){ref-type="fig"}. The relative osteogenic differentiation percentages of the 0.1, 1 and 10 µg/ml groups were calculated to be 171.5±13.7, 125.6±28.7 and 150.5±9.0%, respectively, when the osteogenic differentiation of the untreated control group on day 21 was considered to be 100% (P\>0.05; [Fig. 3](#f3-etm-0-0-4010){ref-type="fig"}).

### Adipogenic differentiation

Images showing the immunofluorescence staining of adipocyte fatty acid-binding protein in cells treated with Cimicifugae Rhizoma at final concentrations of 0, 0.1, 1 and 10 µg/ml at day 14 are shown in [Fig. 4](#f4-etm-0-0-4010){ref-type="fig"}. The relative adipogenic differentiation rates of the of 0.1, 1 and 10 µg/ml groups were calculated to be 97.5±15.0, 102.9±12.8 and 87.0±6.8%, respectively, when the adipogenic differentiation of the untreated control group on day 14 was considered to be 100% (100.0±6.5%; P\>0.05; [Fig. 5](#f5-etm-0-0-4010){ref-type="fig"}).

Discussion
==========

In this study, the effects of Cimicifugae Rhizoma on the osteogenic and adipogenic differentiation of human MSCs derived from gingiva were evaluated. Cimicifugae Rhizoma at a final concentration of 0.1 µg/ml induced a 71% increase in osteogenic differentiation compared with the control. However, Cimicifugae Rhizoma treatment did not induce significant differences in adipogenic differentiation when compared with the untreated control.

Cimicifugae Rhizoma has traditionally been used to treat bone disease in Oriental medicine, and has been reported to increase alkaline phosphatase synthesis in rat calvarial osteoblasts ([@b14-etm-0-0-4010]). Moreover, a previous study demonstrated that Cimicifugae Rhizoma significantly preserved trabecular bone mass, bone volume, trabecular number, trabecular thickness, structure model index and bone mineral density in ovariectomized mice and may protect against osteoporosis ([@b15-etm-0-0-4010]). In the present study, enhanced osteogenic differentiation of stem cells was achieved with the aid of Cimicifugae Rhizoma.

The osteogenic differentiation medium comprised 10 mM β-glycerophosphate, 1 mM ascorbic acid 2-phosphate and 100 µM dexamethasone ([@b16-etm-0-0-4010]). Osteogenic differentiation protocols using β-glycerophosphate, ascorbic acid and dexamethasone are frequently used in a number of experimental approaches, including tissue engineering and the simple confirmation of differentiation capabilities among particular cell types ([@b17-etm-0-0-4010]). In a previous study, MSCs derived from bone marrow have been cultured in various base media containing 1--10 mM β-glycerophosphate, 0.01--4 mM ascorbic acid-2-phosphate and 1--1,000 nM dexamethasone ([@b18-etm-0-0-4010]).

MSCs have attracted significant interest due to their self-renewing potential and potential for multiple possible clinical uses, particularly in regenerative medicine and tissue engineering ([@b19-etm-0-0-4010],[@b20-etm-0-0-4010]). MSCs have been isolated from bone marrow, adipose tissue, periosteum, trabecular bone, synovium, skeletal muscle and deciduous teeth ([@b19-etm-0-0-4010]). Mesenchymal stem cells from bone marrow in the iliac crest are usually retrieved under general anesthesia; additionally, there are limitations including pain, morbidity and low cell numbers obtained by harvesting ([@b20-etm-0-0-4010],[@b21-etm-0-0-4010]). Dental pulp from deciduous teeth is a potential source of MSCs with easy accessibility and limited morbidity; however, the amount of dental pulp is limited and ensuring a continuous supply of dental pulp is not possible ([@b22-etm-0-0-4010]). However, MSCs may be obtained from gingiva relatively easily, with minimal invasiveness at any point in life ([@b10-etm-0-0-4010]).

The degree of osteoblast differentiation was assessed by the measurement of osteocalcin levels. Current markers of bone formation include the N-terminal propeptide of type I collagen, bone-specific alkaline phosphatase and intact or N-mid-molecule osteocalcin in serum ([@b23-etm-0-0-4010]). Osteocalcin is an abundant Ca^2+^-binding protein, comprising three γ-carboxyglutamic residues, which is a component of the organic matrix of bone and dentin and may be present in other mineralized tissues ([@b24-etm-0-0-4010]). Osteocalcin originates from osteoblastic synthesis and is deposited into bone or released into circulation ([@b25-etm-0-0-4010]).

In the present study, adipogenic differentiation was assessed by measuring the amount of adipocyte fatty acid-binding protein. Adipocyte fatty acid-binding protein is reported to regulate systemic glucose and lipid metabolism, and is abundantly expressed by adipocytes ([@b26-etm-0-0-4010]). Adipocyte fatty acid-binding protein is expressed during adipocyte differentiation ([@b27-etm-0-0-4010]) and is also applied as a circulating biomarker that is closely associated with obesity and components of the metabolic syndrome ([@b28-etm-0-0-4010]).

Within the limits of this study, Cimicifugae Rhizoma influenced the proliferation of stem cells derived from the gingiva, and low concentrations of Cimicifugae Rhizoma may induce the osteogenic differentiation of these stem cells.
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![Cell proliferation at day 15 in the presence and absence of Cimicifugae Rhizoma determined by Cell Counting Kit-8 assay. Results are presented as the means ± standard deviations (n=6 per group). \*P\<0.05 vs. the untreated control.](etm-13-02-0443-g00){#f1-etm-0-0-4010}

![Osteogenic differentiation at day 21. Immunofluorescence staining of cells with osteocalcin antibody with secondary antibody labeled with fluorescein isothiocyanate and/or DAPI. (A) Control, (B) 0.1 µg/ml Cimicifugae Rhizoma, (C) 1 µg/ml Cimicifugae Rhizoma and (D) 10 µg/ml Cimicifugae Rhizoma. DAPI, 4′,6-diamidine-2′-phenylindole dihydrochloride.](etm-13-02-0443-g01){#f2-etm-0-0-4010}

![Relative osteogenic differentiation of cells treated with Cimicifugae Rhizoma as determined by analysis of osteocalcin expression. Results are presented as the means ± standard deviations (n=2 per group).](etm-13-02-0443-g02){#f3-etm-0-0-4010}

![Adipogenic differentiation at day 14. Immunofluorescence staining of cells with AFABP antibody with secondary antibody labeled with fluorescein isothiocyanate and/or DAPI. (A) Control, (B) 0.1 µg/ml Cimicifugae Rhizoma, (C) 1 µg/ml Cimicifugae Rhizoma and (D) 10 µg/ml Cimicifugae Rhizoma. DAPI, 4′,6-diamidine-2′-phenylindole dihydrochloride; AFABP, adipocyte fatty acid-binding protein.](etm-13-02-0443-g03){#f4-etm-0-0-4010}

![Relative adipogenic differentiation of cells treated with Cimicifugae Rhizoma as determined by analysis of adipocyte fatty acid-binding protein expression. Results are presented as the means ± standard deviations (n=2 per group).](etm-13-02-0443-g04){#f5-etm-0-0-4010}
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